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ABSTRACT  Lithophyllum lichenoides Philippi (Rhodophyta, Corallinaceae) is a common, inter- 
tidal to shallow subtidal, nongeniculate, coralline red alga on the western Mediterranean and the 
Atlantic coasts of France and Spain. Its external appearance and vegetative anatomy are well known 
but little information is available with respect to its reproductive anatomy. Based on recently collected 
plants from northern Spain and Mediterranean France a description is given of vegetative, sperma- 
tangial, carpogonial/ carposporophytic and tetrasporangial structures. Pore-blocking cells are pre- 
sent in tetrasporangial conceptacles, 

RÉSUMÉ  Lithophyllum lichenoides (Rhodophyta, Corallinaceae) est une alge rouge, coralline, 
non-articulée, commune, qu on trouve dans la zone de ressac, un peu au dessus du niveau, le long des 
côtes de la Méditerranée occidentale et des côtes atlantiques de France et d'Espagne. Son apparence 
externe et son anatomie végétative sont bien connues mais on a peu de renseignements quant aux 
caractères de sa reproduction. On donne ici une description (basée sur des thalles récoltés récemment 
au nord de l'Espagne et en France méditerranéenne) de ses structures végétatives, de celles des 
spermatocystes, des carpogones/carposporoc t des tétrasporocystes. Des cellules bloquant les 
pores sont présentes dans les conceptacles à tétraspores. 
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INTRODUCTION 

Lithophyllum lichenoides Philippi (Rhodophyta, Corallinaceae) is a common, 
intertidal to shallow subtidal, nongeniculate coralline alga. It occurs commonly in the 
western Mediterranean and in Atlantic France and Spain. It has also been recorded 
(Ardré et al., 1973) from the Azores. The species figures prominently in many floristic and 
ecological studies (e.g. Feldmann 1942; Cabioch et al., 1992) and previously published 
ecological observations are summarised. Despite its abundance, the only descriptions and 
illustrations of its reproductive structures are those by Rosanoff (1866, pl. VIT, figs 5, 7,8 

as L. crassum) which show little detail; by Huvé (1957, figs 1,2 as L. tortuosum) which 
show some features of tetrasporangial conceptacles; and illustrations by Woelkerling 
(1983, figs 24-32) of the lectotype in which little reproductive detail is visible because of the 

Source : MNHN. Paris 



140 Y. M. CHAMBERLAIN 

condition of the long-dried material. No description of gametangial plants has been 
published. The present study is based on plants collected at Cabo Higuer, northern Spain. 
Thallus anatomy and reproductive structures were examined and compared with those of 
other species of Lithophyllum. Further plants from Mediterranean France, including 
Corsica, were also examined. Masaki (1968) recorded L. lichenoides (as L. tortuosum) from 
middle Japan and presented detailed descriptions of gametangial and tetrasporangial 
reproductive structures. The vegetative and reproductive features of European plants are 
compared with those of Japanese plants as described by Masaki (1968), 

MATERIAL AND METHODS 

Air dried plants were decalcified for sectioning with Perenyi s fluid (4 parts 10 % 
nitric acid: 3 parts 90 % ethanol: 3 parts 0.5 % chromic acid), the thallus was hardened in 
80 % ethanol and sectioned at 10-20 um thickness on a Mectron freezing microtome. 
Sections were mounted on a microscope slide in 50 % Karo® corn syrup coloured with 
aniline blue, For scanning electron microscopy specimens were rinsed in demineralised 
water and air dried. Whole thalli or fractures were mounted on double sided sticky tape, 
coated with gold/palladium and examined in a Jeol T20 scanning electron microscope at 
20K. In cell measurements, length denotes the distance between primary pil connections 
and diameter the width of the cell lumen at right angles to this, Conceptacle measurements 
follow the method adopted by Adey & Adey (1973). Thallus terminology follows Cham- 
berlain (1990) for the monomerous thallus in which the multistratose lower filaments are 
termed the medulla and the filaments derived peripherally from these the cortex. In the 
dimerous thallus the lowermost, unistratose layer is termed basal filaments and the upper 
filaments at right angles to these are the erect filaments. Drawings are made by the author 
on the basis of individual slide preparations and are not composite representations, VS = 
vertical section; YMC 89/303 etc. are the author's collection numbers. 

Collections examined: Spain: Cabo Higuer, Bay of Biscay, Vascongadas (YMC, 
24,x.1988, YMC 88/99); France: Le Dromont, Var., part of a trottoir  (E. Coppejans, 
vi.1969, YMC 83/309); St Cyr sur Mer, Bouches du Rhone, subtidal and exposed to strong 
wave action (M, Prior, 30.iii.1996, YMC 96/27); Calvi, Corsica, mid to low littoral, 
forming large concretions (E. Coppejans, 23.viii.1983, Y MC 84/36). 

OBSERVATIONS. 

Lithophyllum lichenoides Philippi, 1837: 389. 

Heterotypic synonyms: Lithophyllum cristatum Meneghini (1840; 512) fide Hamel & 
Lemoine, 1953: 67; L. crassum Rosanoff (1866: 93) non Lloyd (in herb. CHE no. 318); L. 
tortuosum auct, sensu Lemoine, non Tenarea tortuosa Esper. 

At Cabo Higuer, Lithophyllum lichenoides grows commonly on rocks in the 
intertidal zone. It forms cushion-like clumps (Fig. 2) up to about 20 mm high that are 
composed of erect lamellae (Fig. 4) united into a complex, densely interweaving and 
anastomosing honeycomb-like mass, The lamellae are up to 800 um thick. They are more 
or less smooth on the dorsal surface and ridged on the ventral surface. When moist the 
plants are not easily damaged, but they become brittle and fragile when dried. Plants are 
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Figs 1-6. Habit of Lithophyllum lichenoides. Fig. 1, Thallus with finger-like protuberances (YMC 
83/309), Scale as in Fig. 2. Figs 2-6. Specimen YMC 88/99, from Cabo Higuer. Fig. 2. Thallus with 
erect lamellae. Fig, 3. Vertical fracture showing upper edge (e) of the thallus, cortical filaments (C) in 
vertical fracture and tetrasporangial conceptacles (T) in surface view and vertical fracture (t). Fig. 4. 
Erect lamellae with tetrasporangial conceptacles on both surfaces. Fig. 5. Thallus surface. Fig. 6. 
Spermatangial thallus showing conceptacles (S) with a central spout (arrow) in surface view and the 
thallus in vertical fracture (F). 
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Figs 7-11. Vertical sections showing thallus and reproductive structures of Lithophyllum lichenoides 
(YMC 88/99). Fig. 7. Thallus with two immature carposporangial conceptacles, note pore plugs (P) 
and conspicuous subepithallial initials (arrow). Fig. 8. Thallus with tetrasporangial conceptacle (T) 
containing tetrasporangia, note thallus margin (m), cortical filaments (C) and medullary filaments 
(M). Fig. 9. Tetrasporangial conceptacle, note tetrasporangia (T) and columella (C). Fig. 10. 
Carpogonial conceptacle with trichogynes (t). Fig. 11. Two spermatangial conceptacles with spout- 
like pores. 
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dull mauve and the thallus surface is matt. Under the SEM the surface (Fig. 5) mainly 
shows a Phymatolithon-type structure (Chamberlain 1990) with caleareous ridges sur- 
rounding epithallial concavities, but due to cell shedding the appearance is often irregular 
and disordered, Both sides of most lamellae are covered with uniporate, low-domed 
conceptacles (Figs 4, 6), carposporangial and tetrasporangial conceptacles measure up to 
250 pm in outside diameter, spermatangial ones measure up to 160 um in outside diameter. 

Vegetative anatomy: The thallus is presumably initially dimerous but no very young thalli 
can be seen, However, thallus regeneration (Figs 12) over dead thallus areas occurs 
frequently. This often results in the production of regenerating margins (Figs 12, 13) which 
are assumed to show the same type of margin as would be seen in the initial thallus. A 
dimerous Lithophyllum type of structure (Fig. 13) develops in which a single terminal cell 
is present and the thallus thickens immediately behind this cell (Fig. 13). This structure is 
similar to that seen in L. incrustans Philippi, the type species of Lithophyllum (see 
Woelkerling, 1983, figs 18-20). Basal filament cells and erect filament cells (Fig. 13) are 
squarish to elongate and subepithallial cells (Fig. 13) are elongate. Epithallial cells mainly 
occur singly and are small and inconspicuous (Fig. 13). Secondary, monomerous thalli 
(the faux hypothalle  of Cabioch, 1972) comprise the main bulk of the plants. The thallus 
meristem (Figs 3, 8) occurs at the apices of lamellae and is composed of elongate, densely 
staining cells that terminate in small, irregular epithallial cells. The meristem gives rise 
ventrally to downward-curving, medullary filaments (Figs 8, 15) of elongate cells that 
measure 11-25 um long x 6-9 um in diameter, Medullary filaments do not terminate in 
epithallial cells, Cortical filaments of squarish to elongate cells develop dorsally (Figs 3, 8), 
the cells measure 4-9 um long x 4-18 um in diameter. Subepithallial initials (Fig. 14) are 
conspicuous, they are relatively long and thin and measure 12-20 um long x 3-7 um in 
diameter. The upper half of each initial is particularly densely-staining and in sections 
they collectively appear as a dark band (Fig. 7) just below the dorsal surface. Epithallial 
cells appear to be very fragile. When intact (Fig. 14) they occur in up to four layers of 
small, squarish cells that measure 4-6 um long x 3-6 pm in diameter, but they are fre- 
quently absent or damaged and difficult to see. Epithallial cells immediately above 
subepithallial initials are apparently living (Fig. 14), but those nearer the surface appear to 
be senescent. Secondary pit connections occur between thallus cells of contiguous fila- 
ments (Figs 13-15), cell fusions were not seen. No trichocytes were seen, 

Reproduction: Gametangial thalli are dioecious. Spermatangial conceptacle chambers 
(Figs 11, 21) are low elliptical and measure 83-130 um in diameter x 36-52 um high. The 
roof is 21-36 ym thick and is composed of filaments up to four cells long; the conceptacle 
pore is tube-like and sometimes extended into a spout (Figs 6, 11, 21). Simple spermatan- 
gial systems occur only on the floor of the chamber (Fig. 22). Carpogonial conceptacle 
chambers (Fig. 10) are flask-shaped, they measure 95-100 jum high xc. 90 um in diameter, 
the roof pore is about 20 jum long. Carpogonia develop on the chamber floor and long, 
conspicuous trichogynes extend to the pore of the conceptacle (Fig. 10). Carpogonial 
branches are borne on supporting cells and mainly comprise a hypogynous cell and a 
carpogonium extending into a trichogyne; a sterile cell or second carpogonium sometimes 
occurs. After presumed fertilisation, a fusion cell develops on the conceptacle floor and 
gonimoblast filaments develop peripherally (Fig. 20). The conceptacle roof becomes 
domed and is composed of filaments of elongate cells up to three cells long. Cells 
surrounding the pore (Fig. 7) are slightly papillate and a (possibly mucilaginous) pore plug 
develops. The carposporangial conceptacle chamber (Fig. 7) measures c. 97 ym high x 
155 pm in diameter, with the roof 21-36 pm thick. 
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Figs 12-22, Vertical sections showing thallus and reproductive structures of Lithophyllum lichenoides (YMC 88/99), Scale with asterisk applies to Figs 16-19. Fig. 12. Diagrammatic drawing of senescent lamella (s) with cortical regeneration dorsally (r) and regenerating margin overgrowing the old thallus (arrow) 7 mm = 100 um. Figs 13-15. Representative thallus cells, arrows indicate secondary pit connections. Fig. 13. Regenerating thallus margin (see Fig. 12) showing dimerous structure with marginal initial (m), basal filament cells (b), erect filament cells (D, subepithallial initials (i) and epithallial cells (e). Scale as Fig. 15. Fig, 14. Upper thallus of a monomerous lamella showing subepithallial initials (i), epithallial cells (e) of which only the lowermost are living, and shedding cuticle and uppermost epithallial cells (c). Scale as Fig. 15. Fig. 15. Medullary cells in centre of a monomerous lamella, Figs 16-19. Tetrasporangial conceptacles: started scale applies to all these figures. Fig. 16, Conceptacle initiation commencing in swollen subepithallial initials (i) and old epithallial layers being shed (s). Fig. 17. Later stage of conceptacle development with roof being formed from subepithallial initials (i), old epithallial layers being shed (s), tetrasporangial initials (t) developing peripherally, and a central columella (c). Fig. 18. View of mature conceptacle roof from above with central pore cells (p) and small roof cells. Fig. 19. Mature conceptacle with young tetrasporangia (t), columella (c), and pore cells (p); four tetrasporangia have been extruded. Fig. 20. Part of a nearly mature carposporangial conceptacle showing the fusion cell (f) bearing carpogonial remnants (r) on the surface and a young gonimoblast filament (g) peripherally. Fig. 21. Spermatangial conceptacle with a spout-like pore (s), Fig. 22. Detail of simple spermatangial systems and released spermatangia. 
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Bisporangial plants are unknown. Stages in tetrasporangial conceptacle develo- 
pment show that conceptacles are initiated (Fig. 16) when a group of subepithallial initials 
become enlarged. The epithallial layer above these cells is eventually shed (Fig. 17) and the 
subepithallial initials develop into the conceptacle roof. At this stage (Fig.17) a central 
columella has developed and tetrasporangial initials occur in a peripheral ring. Mature 
tetrasporangial conceptacle chambers (Figs 9, 19) are elliptical, in VS they measure 
65-91 jm high x 138-156 jum in diameter, they are overlain by a roof that is 21-36 pm thick. 
The chamber floor is situated about 5-8 cells below the thallus surface (Fig. 19). The roof 
(Figs 9, 19) is two to three cells thick and is composed of an epithallial cell and one or two 
elongate or squarish cells. The mature pore (Fig.19) is surrounded on each side by one or 
two vertically oriented thin cells with two large hyaline cells (Fig. 19) apparently blocking 
the pore at the thallus surface. In surface view (Fig. 18) there are 5-7 of these pore-blocking 
cells round each pore. Tetrasporangia develop peripherally on the conceptacle floor 
(Fig. 9) and an insubstantial columella is present in the centre of the floor (Figs 9, 19). 
Most conceptacles present appeared to lack a columella and it seems that only strictly 
radial sections show this structure. Mature tetrasporangia measure 22-32 im long x 

7-9 pm in diameter. 
Old spermatangial conceptacles may become buried in the thallus but old 

carposporangial and tetrasporangial conceptacles are shed and do not become buried, 

COMPARISON OF SPECIMENS 

Specimens examined show consistent vegetative and reproductive anatomical 
characters, Three somewhat distinct morphological forms were noted. The specimens 
from Cabo Higuer (YMC 88/99) occurred as scattered plants on intertidal rocks and 
showed an erect, lamellate structure (Figs 2, 4). Another form (YMC 83/309) comprised 
clumps of closely interlocking, finger-like protuberances (Fig. 1). Specimens from a 
particularly wave-exposed locality near Marseille (Y MC 96/27) showed a mainly crustose 
plant with small, warty protuberances up to about 2 mm high. Either of the first two forms 
apparently builds up the huge concretions or trottoirs  (e.g. Cabioch er al., 1992, figs 232, 
233) that are a feature of Mediterranean shores, 

The plants collected at Cabo Higuer had lamellae that were covered with 
uniporate conceptacles on both surfaces (Fig. 4). In other populations, however, while the 
thallus surface was covered with minute bumps, conceptacles were very hard to find and 
the bumps were purely vegetative in origin. 

NOMENCLATURE 

The nomenclature of plants now attributed to Lithophyllum lichenoides had 
become complicated until it was clarified by Woelkerling (1983) when he established L. 
lichenoides Philippi (1837) as the earliest name for this species. After Philippi s original 
description, Meneghini (1840) described L. cristatum from Genoa, Italy which is now 
considered to be conspecific with L. lichenoides (Hamel & Lemoine, 1953: 67). Rosanoff 
(1866) took up Lloyd s species Melobesia crassum (in herb. CHE, no. 318). I examined no. 
318, however, and found it to be Mesophyllum lichenoides (Ellis) Lemoine. Nevertheless, 
the name has subsequently been used for coarse forms of Lithophyllum lichenoides and 
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Rosanoff s own description and illustrations (1866, pl. VII, figs 5, 7, 8) of L. crassum, 
apparently based on other specimens, agrees well with L. lichenoides. 

For many years the identity of the trottoir  plant Lithophyllum lichenoides was 
confused with the morphologically similar species from Greece first described by Esper 
(1796) as Millepora tortuosa and renamed by Bory (1832) as Tenarea undulosa. This species 
is now known as T. tortuosa (Esper) Lemoine for reasons discussed in Woelkerling et al. 
(1985). Esper s type was mislaid for many years and it was not until Woelkerling et al. 
(1985) rediscovered it in Senckenberg Museum that it was possible to prove that Esper s 
and Bory s plants were conspecific and that they differed taxonomically from the trottoir  
plant. The intermediate nomenclatural complexities are documented in Foslie (1898), 
Lemoine (1910, 1911), Huvé (1957), Adey (1965), Woelkerling (1983) and Woelkerling et 
al. (1985), 

A further complication arose when the identity of Lithophyllum lichenoides 
became confused with the species now known as Mesophyllum lichenoides (Ellis) Lemoine, 
a member of the subfamily Melobesioideae, apparently simply because of the similarity of 
names. This matter is documented in Woelkerling (1983), The nomenclature of Lithophyl- 
lum lichenoides is now under further review in conjunction with a study of nongeniculate 
coralline type collections at the Muséum National d'Histoire Naturelle (Dr Woelkerling, 
personal communication). 

ECOLOGICAL OBSERVATIONS 

Populations of Lithophyllum lichenoides form one of the most familiar shore 
features in many areas of the Mediterranean (e.g. Morhange er al., 1992) where they create 
massive concretions ( trottoirs ) at the low intertidal/subtidal interface (e.g. Feldmann, 
1942; Hamel & Lemoine, 1953 both as Tenarea tortuosa; Huvé, 1963; Augier & 
Boudouresque, 1967; Gayral, 1958; Bressan, 1974; Cormaci & Furnari, 1979; Cabioch er 
al., 1992  all as Lithophyllum tortuosum). Cabioch et al. (1992) show a massive popula- 
tion (figs 232-233) and illustrate individual plants (fig. 231) that closely resemble those 
illustrated in this paper (Figs 1, 2), This species is also common on the Atlantic coasts of 
France (e.g. Lancelot, 1964, as L. tortuosum) and Spain where, for example, Hoek & 
Donze (1966  as L. tortuosum) describe it as dominating a mid tide subzone of the Côte 
Basque. Ardré er al. (1973) record L. lichenoides on the Azores where it occurs on very 
wave-exposed shores. 

Laborel er al. (1994) used the present and past positions of the trottoir  in the 
western Mediterranean to indicate recent sea-level variationsin that area. They concluded 
that sea level had risen about 1.6 m during the last 4500 years. Morhange et al, (1993) 
showed that the rate of sea level rise on the coast of Provence, France, had been constantly 
decreasing over the past 5000 years and had ceased in the region about 500 years ago. 

P. Huvé (1954, 1956  as Tenarea tartuosa) studied the regeneration of cleared 
colonies in the Golfe de Marseille. Within two years there was nearly 100 % cover of L. 
lichenoides and plants were about 1 em high. Boudouresque et al, (1972 as L. tortuosum) 
studied the growth rate of tagged plants at Port Cros and found that young plants grew as 
much as 1.5 mm in height per month. Growth rate slowed with age but volume gain 
remained consistent so that, for example, a 60 mm high plant could be identified as being 
2-3 years old. 
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DISCUSSION 

Cabo Higuer plants of Lithophyllum lichenoides agree well with the habit and 
vegetative anatomy of the lectotype as re-described by Woelkerling (1983), Woelkerling 
was unable to make detailed observations of reproductive anatomy because of the 
condition of the material, The present results, however conform to his recorded dimen- 
sions and Woelkerling (1983, fig. 32) also noted the presence of some sort of pore-blocking 
mechanism but was unable to determine whether the conceptacle he examined was 
carposporangial or tetrasporangial. This possibly corresponds with the pore plug seen in 
carposporangial conceptacles in the present study (Fig, 7). Thallus and tetrasporangial 
conceptacle structure also agree well with the illustration by Rosanoff (1866, pl. VIL, fig. 7) 
although he did not observe pore-blocking cells. 

Japanese plants described by Masaki (1968, as L. tortuosum) differ from the 
present plants in having ventral struts (termed rhizoids by Masaki) below the thallus. It is 
not known whether pore-blocking cells are present in the tetrasporangial conceptacles of 
Japanese plants and until this information is available, it is not possible to assess whether 
European and Japanese plants are conspecific. 

In most species of Lithophyllum tetrasporangial conceptacle pore canals are 
lined by small papillae that are aligned more or less parallel to the thallus surface. 
However, a number of species were noted by Woelkerling & Campbell (1992) to have 
pore-blocking cells of various shapes. Most of the species in which these occurred would 
be attributed by the present author to the genus Titanoderma. However, various Litho- 
phyllum sensu stricto species have since been shown to have either pore-blocking cells or 
elongate cells that are vertically oriented immediately surrounding the pore canal. Pore- 
blocking cells occur in L. crouanii Foslie (Chamberlain & Irvine 1994, fig. 21F) and 
L. johansenii Woelkerling & Campbell (1992, figs 39C, 39D). Both of these species differ 
from L. lichenoides in having strictly dimerous thalli, in having layers of old, buried 
tetrasporangial conceptacles and in lacking a central columella in tetrasporangial concep- 

tacles. 
Vertically oriented surrounding cells are seen in the holotype (!), from Japan, of 

L. neoatalayense Masaki (1968) as well as in South African material of this species 
(Chamberlain, 1996). They also occur in L. retusum Foslie (Chamberlain, personal 
observation). The structure of these filaments is different from pore-blocking cells but 
resembles the thin filaments (Fig, 16) seen below the pore-blocking cells in mature 
conceptacles of L. lichenoides. 
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